Abstract: Th e paper tests various predictions of the sale theory literature, using the retailer specifi c price data in Hungary. Besides being set in a New Member State, characterised by rather diff erent history of retailing than the established market economies, one of the main innovations of this paper is the comparative assessment of price promotions of two homogenous, every-day products diff erent only with respect to their perishability: one litre boxed and one litre durable fl uid milk. Using a battery of empirical techniques from the simple summary statistics, the distribution analysis to the discrete choice models and the co-integration, there is concluded that competing theory predictions on price distributions are not accepted. Also the Hypothesis that manufacturers determine timing of sales is rejected. Th e results do not confi rm that durable goods should have a qualitatively diff erent pricing pattern than perishable products. When the temporal order of sales is considered, the estimations support the Hypothesis of alternate sales. In sum, the predictions of the existing retail sales models only partly confi rm certain empirical aspects of price promotions.
doi: 10.17221/168/2014-AGRICECON Periodic price reductions, or price promotions, constitute a widely observed phenomenon in retailing. It is difficult to overstate the importance of price promotions from both the retailer (recent estimates for USA show 58% of all retailer marketing expenditures going for sales promotions, Allender and Richards 2012) and the consumer points of view. Sales occur on a regular basis, which suggests that they are not entirely due to random variations such as the shocks to inventory holdings or demand. In recent years, the frequency of periodic price reductions has increased, indicating that the price promotion has become more important for retailers and consumers. Assuming that consumers have some familiarity with the complex pricing strategies employed by the supermarkets, during the past decades a number of competing sale theories were developed to explain discounts and price dispersion (e.g. Salop and Stiglitz 1982; Varian 1980; Sobel 1984; Pesendorfer 2002) . Many recent papers suggest that most of the retail price variation can be explained by the temporary price reductions (e.g. Hosken and Reiffen 2004; Li et al. 2005 ). Yet the recently developed theories of sales often provide conflicting predictions for many aspects of price promotions (e.g. timing of sales, whether manufacturers or rather retailers decide on sales, pricing strategies followed by retailers etc.). Despite of its growing importance -especially when food products are considered -only a limited number of empirical papers focused on sales and their impact upon retail prices (e.g. MacDonald 2000; Pesendorfer 2002; Chevalier et al. 2003; Berck et al. 2008) . The choice of a food item of the above mentioned papers reflects the need of an universally available homogenous product such as orange juice (e.g. Dutta et al. 2002; Berck et al. 2008) or ketchup (Pesendorfer 2002) . Although included in baskets of the analysed food items by few papers (e.g. Carman and Sexton 2005; Eichenbaum et al. 2008 ), we could not find examples in the international literature specifically focusing on the milk price promotions. Most of the related studies employing milk price data focuses on analysing the effects of the milk promotion programs (generic milk advertising), see for example Lenz et al. 1988 or more recently, Gvillo et al. 2014 is considered 1 ), the boxed and UHT (durable) 2 milk still constitute important staples in the populations' diet. More, milk is considered to be often used (along with the in-store fresh bakery products) as a costumer attractor by retailers. The fact that the same product, fluid milk, is available in the perishable and durable form alike makes it an attractive subject for testing empirically the predictions of the existing sale theories. To achieve this, we use a wide range of quantitative techniques from simple descriptive statistics to the correlation analysis of retail specific prices, the causality analysis, discrete choice models, the co-integration and panel co-integration. Whilst the literature on price promotions is abundant, to the best of our knowledge, there is no published research focusing on empirical testing of sale hypotheses in a Central East European Country, with a history of the modern type retailing dating back only 25 years.
COMPETING PRICE PROMOTION THEORIES
Starting with earlier papers, one stream of research describes the sales phenomena as a temporary price discrimination, explained by alternating consumer preferences and tastes, otherwise defined as the imperfect knowledge on prices (Salop 1977; Salop and Stiglitz 1982) . Research papers emphasise, that firms are motivated to apply the price discrimination, since some consumer groups are purchasing larger quantities when prices are low, and store them at home, whilst the consumers with a higher willingness to pay make purchases according to their immediate needs (Conlisk et al. 1984; Sobel 1984; Pesendorfer 2002) .
Other branch of the literature considers firms following a mixed strategy in order to determine prices (Shilony 1977; Varian, 1980; Lal 1990; Lal and VillasBoas 1998) . Most theoretical models within this group assume there are at least two or more different types of consumers, characterised by varying search costs. Several papers have highlighted the importance of search costs. As an example, Seiler (2012) found that in 70% of shopping trips, consumers are not aware of competing prices because of the search costs. Applying a counterfactual exercise, Seiler (2012) suggests that should the search costs be halved, the elasticity of demand may experience a threefold increase. Generally, the literature considers the search cost of well-informed consumers being zero, whilst others facing substantial search costs. A number of empirically testable hypotheses may result from the sale theories. The paper closest to our research is Berck et al. (2008) , empirically testing sale theories using the retail chain specific price data of the frozen and refrigerated orange juice, somewhat similar to the boxed and storable milk employed in this study. Thus in the following sections, we follow their example by briefly discussing the theory and empirical examples from the literature (where applicable) than formulate the hypotheses to be tested. Shilony (1977) and Varian (1980) discuss a static sales model with retailers pursuing a mixed strategy. In this model, sales are explained by the differences with respect to how well informed the consumers are. Since the consumers with a high willingness to pay make immediate purchases, the retailers compete for the costumers only willing to buy when the prices are low. Thus the oligopolistic retailers offer homogenous products for sale, using a mixed strategy by determining the temporary low prices at a level that attracts these costumer groups. If we consider the process as a game, and repeat it independently during a number of periods, than the mixed strategy results an explicit price oscillation with a continuous probability distribution. Facing competition, firms are more likely to drop prices, rather than to follow a price discrimination strategy. Thus the following hypotheses arise: Hypothesis 1. Price promotions induce specific price distribution on the market Hypothesis 1a. The distribution of prices is continuous (most likely bell shaped) Conlisk et al. (1984) , shows that the sales of durable (e.g. UHT milk) products can be a useful tool of the price discrimination against eager costumers characterised by an inelastic demand. In the monopolies model of Conlisk et al. (1984) , the retailers employ a cyclical pricing strategy. Periodical discounts are aimed at the consumers with relatively low reservation prices, whilst the periods characterised by high prices are for the consumers with relatively high reservation prices. Other relevant research (e.g. Stokey 1979 and 1981) analyses the temporary price drops, i.e. the inter-doi: 10.17221/168/2014-AGRICECON temporary price discrimination of durable products. These models, however, do not explain the phenomena of temporary price promotions. Sobel (1984) augments the Conlisk et al. (1984) model with a fixed number of retailers, offering homogenous products. Here, the consumers differ from each other with respect to their preferences towards the homogenous product. In every period they enter, purchase the product, and then leave the market. Sellers adjust prices to their will, maintaining a high price level for most of the period, however, occasionally discounting prices in order to fulfil the needs of the relatively numerous group of the low reservation price costumers. The crucial assumption of the model is that the consumers possess different rates of shopping time preferences that correlate with the intensity of their preferences.
Another important characteristic of the model is that all retail units drop their prices simultaneously to the very same level. At the beginning, the retailers set prices to higher levels and focus on loyal customers with high storage costs 3 . As the time passes, a significant number of customers with low storage costs enter the market, therefore it is profitable to discount prices and compete for these costumers. The prices are then increased again, and a new cycle begins.
Further, in the Pesendorfer's (2002) model two distinct groups of costumers are assumed. The first group consumes a unit of product in every period, and does not store it, whilst the second group stores the product, and consumes it when the prices are high. Those who store, only purchase the product if the price falls below a certain threshold. We formulate the next Hypothesis as:
Hypothesis 1b. Prices have a smooth distribution with a mass point at the highest price Most price discrimination and sale models are rooted in the games theory and implicitly or explicitly assume the price discounts being determined at the manufacturer level. The massive concentration process of the retailing sector during the past two decades emphasised the increasing market power of retailers with respect to the processors, casting some doubts with respect to this assumption. More, the empirical results of Villa-Boas (2007) and Berck et al. (2008) show that it is more likely for the retailers to determine prices rather than the manufacturers. Further, Lal (1990) and Pesendorfer (2002) conclude that processors motivations' to initiate price promotions at the retail level is rather weak, and thus potentially easily ignored. Thus we expect to reject the Hypothesis defined as:
Hypothesis 2. Retail prices are more likely to be determined by processors rather than retailers
There are a number of competing theory predictions with respect to the timing of sales by retailers. According to Shilony (1977) and Varian (1980) , timing of sales is random between competing firms. Pesendorfer (2002) predicts that the probability of price promotions increases with the time passed since the last sale, whilst Sobel (1984) suggests that the retailers drop their prices simultaneously. In addition, it is an interesting question whether the retailers follow each other's price promotions. The question we ask is, does the timing of sales at a given retailer influence the decision of a competing outlet to go on the sale with the respective product? Accordingly, we formulate four hypotheses with respect to the timing of sales across firms:
Hypothesis 3a. Timing of sales is random between competing firm Hypothesis 3b. The probability of discounts increases with the time passed since the last sale action Hypothesis 3c. The timing of sales at a given retailer influences the timing of competing retailers Hypothesis 3d. Retailers drop their prices simultaneously
Should indeed the processors rather than retailers determine price discounts, and the price sensitive consumers prefer certain brands, then the periodical, however rare, price promotions squeeze these consumers out of the market, shifting their preferences towards purchasing durable goods (should they exist). Such a strategy is not acceptable for those costumers, which cannot store products at home. In the Varian's (1980) model, the timing of sales for the homogenous, not durable products is considered to be random. The theories of Sobel (1984) and Pesendorfer (2002) state with respect to durable goods that the price changes are predictable, thus at first a smooth price decrease is experienced, followed by a sudden increase, and the cycle re-begins. In addition, Pesendorfer (2002) concludes that the probability for durable goods to go on sale increases with the time passed since the last discount. 
Empirical approaches of sales analysis
Since the data does not come labelled depending whether in a given period the price is a sale price or regular price, we first need to define these terms. Following the empirical literature (e.g. Lloyd et al. 2009 ), we define the regular price for a specific good as its modal price during the analysed period. This approach implicitly assumes that a product has a single regular price each period. To compare price variation within and across categories, it is useful to divide a specific product's price by a measure of the respective price's central tendency. The fact that the empirical distributions have significant mass points suggests that the appropriate measure of the central tendency is a product's annual mode. Therefore, we define the scaled prices ( ) as:
where r jt is the price (as reported by the RIAE) of product j in the week t, and r j, mode is the modal rice of product j in the year that contains the week. The next step is to assess, whether most price reductions are indeed temporary (see Pesendorfer 2002; Hosken and Reiffen 2004; Berck et al. 2008 ). Thus we examine the price changes between the week t and t + 1, conditional on price falling between weeks t − 1 and t. If a price reduction is temporary rather than permanent, then the price would rise between the week t and t + 1. Contrary, if the price change between the weeks t and t + 1 is zero (or negative), it would suggest that the retail price movement reflects a permanent change in the retailer's cost (and/ or the manufacturer's cost), thus the price decrease is permanent. Table 1 shows that most of the time, price reductions are followed by price increases, for both boxed and storable milk products (43-48%).
These results help us to create a useful definition of sales. Following Hosken and Reiffen (2004) , we define a sale as occurring if the price falls by at least some fixed percentage (10 or 20%) between the periods t -1 and t and then rises by at least that percentage between the period t and t + 1. Table 2 presents the frequency of sales using 10 and 20% threshold values. With 10% threshold 7-8 percent of observations may be classified as sales. This falls to a fraction, if the 20% threshold is considered.
Hypotheses tests
With respect to Hypothesis 1, Figures 1 and 2 present the frequency distribution of the scaled boxed and durable milk prices. It is clear, the distribution is not bell shaped (Hypothesis 1a), and the mass point of prices is below the mode (Hypothesis 1b). Formal testing of the normal probability density distribution results chi(2) = 763.2 (p = 0.00) and chi(2) = 447.2 (p = 0.00) for boxed and durable milk prices respectively.
The second Hypothesis we test is whether indeed the processors rather than retailers determine the timing of price promotions. For a direct Hypothesis testing we would need the milk processor prices by the retail chain, which are not available, thus we follow an indirect approach 4 . If the processors determine the timing of sales, we expect these to occur in each retail chain independently, i.e. we expect low correlation Tables 3 and 4 reject the Hypothesis 3a, stating that the sale promotions are random events. In order to analyse how the past price promotions influence the present price drops (Hypothesis 3b. Past discounts determine present price promotions), we use a Probit regression. The dependent variable takes the value of 1, if in the corresponding week the product is on sale, and 0 otherwise. The main explanatory variable is the number of weeks elapsed between two price promotions. To account for the possible retail chain specific effects, the retail chain dummy variables were also included in the Probit regression. These dummy variables however proved to be insignificant, neither did they change the results. The simple, significant model is presented in Table 5 . The sign of the coefficient is negative for boxed and positive for the durable milk. The negative sign observed in the boxed milk regression emphasises that as the number of weeks between two price promotions increases, it is less likely for a price discount to happen in the given retail chain at the given week. The reason might be the rare occurrence of sale promotions (see Table 2 ), thus, if in the past a retail chain rarely went on sale with the boxed milk, then it is less likely to do so at present. However, we find a positive and significant coefficient of the explanatory variable for the durable milk confirming the Hypothesis 3b. To sum up, similarly to the findings of Berck et al. (2008) , our results only partly support Pesendorfer's (2002) predictions that the probability of price promotions increases with the time passed since the last sale, also emphasising some differences between the perishable and durable milk prices.
To assess Hypothesis 3c, we analyse whether the retail chains influence each other's boxed and durable milk prices by estimating the Vector Auto Regression (VAR) models, followed by the Granger causality tests. Table 6 presents the causality results for the boxed milk prices, whilst Table 7 for the durable milk prices. The lag length was selected by the AIC information criteria, and it is ranging between 1 and 3 weeks. In line with the correlation results, a cluster of 'large' hypermarkets, and a cluster of 'smaller' , centrally located supermarkets can be identified with respect to the causality results. At 5% level of significance, for the boxed milk, there are causality relationships between the 'large' retailers, the Auchan, Cora and Tesco (bidirectional between the Auchan and Cora, unidirectional from the Cora to Tesco and Tesco to Auchan), and mostly a bidirectional causality between the'smaller' retailers, the Coop, Plus, CBA, Match and to some extent the Interspar. The boxed milk prices of the Interspar are weakly exogenous, the price variable being influenced only by its past values. Yet the boxed milk prices of the Interspar do cause pricing in the CBA, Cora, Coop, Plus -most retail chains.
For the durable milk, the dual cluster of retailers is less obvious. Amongst the 'large' retailers, a bidirectional causality between the Tesco and Auchan, unidirectional (bi-directional at 10%) from the Auchan to Cora is recorded. The Tesco prices are, however, influenced by the Interspar prices, whilst the Match present exogenous prices, dependent only by its past values. The price of the durable milk in the Cora causes most supermarket's (Auchan, CBA, Interspar and Plus) durable milk prices. Similarly to the boxed milk results, there is mostly a bidirectional causality relationship among the smaller sized retail chains. It needs to be mentioned, however, that the results are sensitive to the lag length choice, in turn dependent on the information criteria used. In sum, based on the results, we cannot reject the null Hypothesis that the timing of sales at the given retailer influences the timing of sales at the competing retailers.
According to the Hypothesis 3d, price promotions happen simultaneously across the retail chains. We may handle the Hypothesis 3d from two directions. First, the Hypothesis of parallel discounts may easily be rejected by counting the number of simultaneous sale promotions over the period. Using 20% level, there are only 3 cases when minimum two retail chains were dropping prices at the same time. Using a 10% threshold with respect to price reductions, not a single case of the simultaneous sale promotion can be identified. Second, the timing of sales can be analysed deeper from a different perspective, using the time series properties of the data. If there are some linkages between the price reductions of the individual retail chains, we would expect the prices to move together on the long run, or using the econometric term, to co-integrate. Two or more time series are First step of the co-integration analysis is to test the order of integration of the individual series, i.e. whether they contain the unit root or not. There are a large number of the unit root test in the literature 5 , here we employed the Augmented Dickey-Fuller (ADF) test, and the Perron's test, the latter being capable to account for the possible structural breaks in the data generation process. To clearly determine the order of integration, the first difference of variables was also tested. Two deterministic specifications, the constant and constant and trend, were used in the test equation, where the lag lengths were determined by the AIC criteria.
After a careful examination of the ADF and Perron unit root test statistics 6 , we conclude that all milk price time series are non-stationary, i.e. contain a unit root. The finding that all price series are nonstationary may be translated that the milk prices do not have any constant mean and/or variance in time, but these values are the function of the retailers' current marketing strategy.
Next, we use the Johansen approach to test for cointegration between the boxed (Table 8 ) and durable milk prices (Table 9 ) observed at each retailer. The tables present the number of hypothesised co-integration vectors, the Eigen value of maximum likelihood estimator, the trace statistic (test statistic), the 5% critical value, and finally the probability of rejecting the null of given CI vectors. The results emphasise the existence of a long-run relationship between the boxed milk prices (Table 8) . At 5% level of significance 4, at 10% 5 CI vectors can be identified. The durable milk prices (Table 9 ) are co-integrated with 2 vectors. A higher number of CI vectors may be translated onto a stronger long-run relationship between the variables, thus the results show a stronger in-between boxed milk prices relationship than between its durable counterpart. This may be explained on one hand by the perishability of the boxed milk, resulting in the faster product rotation on shelves, and on the other hand by more accentuated sales marketing in the case of the UHT milk.
Hypothesis 4 states that the price distribution depends on the durability of the product. Having both the durable (UHT) and perishable (boxed) milk prices in the dataset, our sample is appropriate to test the hypothesis. On Figures 1 and 2 , there is no evidence of any significant difference between the two prices 6 Unit root test results were not included in the paper to save space, however, they are available upon request. Table 12 for the durable milk prices. The first column of both tables presents the type of the test, the second the probability of rejecting the unit root null with only the constant specification and the third column the same probability but with the constant and trend specification.
For the boxed milk, all test results emphasise the presence of the panel unit roots, regardless of the deterministic specification. For the durable milk, most test results also show a panel unit root in the time series. With the constant & trend specification, the test result depends on whether the individual or common process is assumed. Based on the results in Tables 11 and 12 , we consider both series as containing one panel unit root. Although not the focus of Hypothesis 4, the existence of a unit root in a panel setting is an evidence that the price series included are not converging to a common equilibrium on the long-run. Next, we proceed to the panel co-integration tests. A number of different tests were employed, and the results are displayed in Table 13 .
The null of no panel co-integration between the boxed and durable milk prices is strongly rejected by all tests. Thus there is a strong evidence of the panel co-integration, i.e. there is a long-run relationship between the boxed milk and the UHT milk prices. Whilst not directly comparable, panel CI results in contradicting the findings emerging from Table 10 with 10% threshold and the previous support findings using the 20% threshold. It follows that there are connections between the price distribution of the durable and non-durable goods, however, the mixed results obtained do not allow us to clearly reject or do not reject Hypothesis 4. 
CONCLUSIONS
In this paper, we empirically tested four main groups of sale theory hypotheses using the store level price data for two distinct milk products, a perishable and a durable one. Our most important results can be summarized as follows:
First, the price distribution suggests that we may reject the predictions of all competing theories such as Varian (1980 , and Salop (1977) .
Second, the empirical results do not support the Hypothesis common for most sale theories that the processors determine price promotions. Instead, there is the evidence that the retailers decide when to go on sale, and they closely follow the actions of their competitors.
Third, we could not find any conclusive evidence for the either the randomness or simultaneity of sales promotions. We have also rejected the Pesendorfer's (2002) Hypothesis that the probability of sales promotions increases with the number of weeks passed since the last discounting action. Instead, the analysis supports the Hypothesis that the retailers alternate the sale promotions of the national brands (Lal 1990) .
Fourth, the empirical analysis could not find any significant differences between the distributions of the boxed and durable milk prices. The frequency of sale promotions is nearly identical irrespective of the threshold percent used to define sales. The panel co-integration results reinforce this finding, by emphasising the long-run relationship between the prices of durable and non-durable milk. Thus it seems the durability property of products does not play any role in this respect as one would expect based on Sobel (1984) or Conlisk et al. (1984) theoretical models.
The fact that the individual series are non-stationary, yet there is a co-integration (i.e. long-run relationship between them) regardless of the simple or panel setting employed, and the high number of common structural break points (emerged as by-product of the Perron testing) for the retailers suggests that although the sale promotions do not occur simultaneously, the retailers closely follow each other's sale promotions and act accordingly. Our conclusion is that the existing price promotions models are only partially consistent with some empirical aspects of sales, and none of the models can fully explain all important aspects of the retail price formation. As with many economic phenomena it is likely that more complex theoretical models (e.g. the inclusion of purchased quantities) are needed to more accurately predict the retailers' behaviour with respect to price promotions.
